The color stability of polyvinyl chloride, polyurethane, and silicone polymers for maxillofacial applications was determined after accelerated aging using reflectance spectrophotometry. On the basis of color stability after accelerated aging, and ease of processing, several silicone materials were the most promising.
Maxillofacial appliances allow many patients with oral-facial defects to return to an active role in society. For the thousands of patients who require maxillofacial reconstruction, suitable materials can represent the difference between a normal life or a life of fear and disfigurement. Maxillofacial appliances fail in two distinct ways: (1) degradation of static and dynamic physical properties of the elastomers, and (2) color instability in a service environment.
The objective of this study was to determine which available maxillofacial elastomers exhibited the best color stability under conditions of accelerated aging in an effort to understand the reasons for failure in a service environment.
There are few scientific investigations in the dental literature concerning maxillofacial materials, although there are many articles dealing with techniques. There are no studies on the degradation of color of maxillofacial elastomers and how these changes affect the life expectancy of appliances. A brief review of pertinent literature concerning the color of maxillofacial materials will demonstrate the urgent need for research.
Sweeney and associatesl in 1972 reported an extensive study of the physical properties of maxillofacial materials. A proposed specification for maxillofacial materials was also presented. Included in this specification was a weathering test using a Weather-Ometer* to test color stability. It was proposed that acceptable maxillofacial materials should demonstrate no visible change after 2000 hours in the Weather-Ometer. In this test procedure, the results were evaluated visually by a trained observer.
Cantor et al.2 reported on methods for evaluating prosthetic maxillofacial materials. A polyvinyl chloride, a plasticized poly-(methyl methacrylate), and silicones were evaluated. Reflectance spectrophotometry was used to evaluate the color of maxillofacial elastomers. By studying the color of human skin and pigmented maxillofacial materials, they suggested that isometrically matched maxillofacial materials could be developed that would match the color of human skin.
Firtell3 described a method and material for external facial prostheses that would permit the duplication of the prosthesis without the patient being present. He used earth pigments and a silicone system to produce standard stock colors from which base shades and surface tints could be compounded by formula. A custom formula was then recorded for each patient and used whenever a new appliance was required.
Ouellette4 described a method for spray coloring of silicone elastomers. Of interest in this article was the preparation and formulation of pigments. visible spectrophotometer and integrating sphere.* In this method of color analysis, the amount of light reflected at each wavelength in the visible spectrum (400 -700 nm) is measured and recorded. The luminous reflectance, dominant wavelength and excitation purity are calculated for each test specimen by using a computer programt based on the C.I.E. Chromaticity diagram, 1931 and Source A.9 Luminous reflectance is a measure of the total amount of light reflected by the specimen and is a measure of lightness or darkness. It is similar to value in other color systems. Dominant wavelength is the actual color of the specimen when compared to a standard observer and is similar to hue. Excitation purity is a measure of the amount of color present in the sample and is similar to chroma.
In order to evaluate the opacity or translucency of each material, the samples were evaluated with both a white and a black background. By comparing the luminous reflectance of the specimen with a whitet and then a black background §, an index of opacity could be calculated for that material. The ratio of luminous reflectance with a black to a white background is called the contrast ratio, with zero representing a transparent sample and one representing a completely opaque sample. After determining these color parameters for all materials after processing, the samples were then placed in a weathering chamber# for accelerated aging. A 2500 watt xenon light source with borosilicate glass filters was used in the weathering chamber. The xenon light with the borosilicate glass filters produces a spectral distribution very similar to natural sunlight.9 During the aging cycles, the light was left on constantly, and distilled water was sprayed on the specimens for 18 minutes every 102 minutes. The relative humidity was maintained at 90% RH, and the temperature of the chamber was 430C or a black panel temperature of 630C. tThe means were not compared because the variances were not equal. changes occurred mainly before 300 hours of aging. The largest change in luminous reflectance was seen for silicone 399, which changed 11.6 with a black background and 9.0 with a white background.
A contrast ratio is calculated by dividing the luminous reflectance with a black background by the luminous reflectance with a white background. A sample with a contrast ratio of 1 would be completely opaque, and a sample with a contrast ratio of 0 would be completely translucent. The values of the contrast ratio (Table 2) showed that silicone 382 was the most opaque, followed by silicone 399. The remainder of the materials had much lower values of opacity. Most of the materials did not change in opacity with aging up to 900 hrs. except silicone 399, which increased in opacity with aging about 10 percent. The contrast -ratio for polyvinyl chloride increased about 6 percent with aging.
The dominant wavelengths of the maxillofacial polymers as a fuaction of aging are presented in Table 3 polymers, and in most instances only small changes occurred with aging. The decrease in the excitation purity of polyvinyl chloride at 100 hours of aging emphasizes that the intensity of the color was reduced early in the aging, and no significant change occurred between 100 and 900 hours. The excitation purity of polyurethane increased slightly between 100 and 300 hours of aging, indicating an increase in the intensity of the dominant wavelength. All of the silicones showed slight changes in excitation purity on aging. Only silicone 399 with a black background showed no change in excitation purity after 900 hours of aging.
Discussion.
The four parameters -luminous reflectance, contrast ratio, dominant wavelength, and excitation purity -were used to evaluate the color stability of maxillofacial polymers during aging. Although statistically significant changes were observed on aging of one or more of these parameters for all materials, the changes were surprisingly small considering the problems with maintaining esthetics of maxillofacial appliances. The slight changes in color probably resulted from the incorporation of antioxidants and/or ultraviolet light stabilizers by the manufacturer.
The 
Conclusions.
The color stability of polyvinyl chloride, polyurethane, and silicone polymers for maxillofacial applications was determined by reflectance spectrophotometry. The color of the original samples and samples aged up to 900 hours in a Weather-Ometer was evaluated by determining the luminous reflectance, contrast ratio, dominant wavelength, and excitation purity.
The polyvinyl chloride material was slightly yellow after processing and became lighter in color after 100 hours of aging. Variation in processing conditions resulted in variation in the intensity of the color. This can be a significant problem in controlling the final color of a maxillofacial appliance.
The polyurethane material increased slightly in intensity of color. The main problem with the polyurethane, however, was the severe degradation of mechanical properties with aging in the ultraviolet light-water spray environment, which terminated the color study for this material after 300 hours of aging.
The silicone elastomers all showed good color stability, although 44210 appeared to have the best overall properties. The selection of a particular silicone would depend on the opacity desired, the physical and mechanical properties of the polymer, and whether heat or chemically-initiated polymerization is desired.
All color changes observed were small, considering the problems with maintaining the esthetics of maxillofacial appliances in a service environment. Other factors, such as the color stability of pigments and the stain resistance of the elastomers, may be partly responsible for the color degradation experienced in clinical situations.
